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TITLE OF THE INVENTION 

Semiconductor Optical Device, Method of Forming Contact 
in Semiconductor Optical device 
BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a 

semiconductor optical device, and a method of forming a 
contact in a semiconductor optical device . 
Related Background of the Invention 

10 [0002] Publication 1 (Japanese Patent Application 

Laid Open No. 06-5920) discloses a light emitting diode. 
This light emitting diode has a ZnTe layer provided on 
a ZnTe/ZeSe multiple quantum well (MQW) structure, and 
a gold (Au) electrode bonded to the ZnTe layer. 

15 [0003] Publication 2 (Japanese Patent Application 

Laid Open No. 06-310815) discloses a semiconductor 
laser diode. This semiconductor laser diode includes a 
p-type ZnTe/ZnSe multiple quantum well (MQW) structure, 
and semiconductor layers in the MQW structure are 

20 depleted. The semiconductor laser diode has an 

electrode bonded to the ZnTe layer. 
SUMMARY OF THE INVENTION 

[0004] Each of the above light emitting diode and 

semiconductor laser diode has a junction between the 
25 anode electrode and ZnTe layer. 

[0005] According to experiments performed by the 
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inventors, a light generating semiconductor device of a 
surface emitting type, such as a light emitting diode 
which has an anode electrode bonded to a ZnTe layer, 
exhibits a nonuniform intensity distribution in light 
5 emission on the light emitting surface thereof. 

Studies by the inventors have found that the nonuniform 
intensity distribution is caused by increase in the 
forward voltage at part of the junction between the 
anode electrode and the ZnTe semiconductor layer. 

10 [0006] It is an object of the present invention to 

provide a semiconductor optical device which can reduce 
the nonunif ormity of current distribution, and a method 
of forming a contact region in a semiconductor optical 
device which can reduce the nonuni f ormity of current 

15 distribution. 

[0007] According to one aspect of the present 

invention, a semiconductor optical device comprises a 
superlattice contact semiconductor region and a metal 
electrode. The superlattice contact semiconductor 

20 region has a superlattice structure. The superlattice 

contact semiconductor region includes a I I -VI compound 
semiconductor region and a first II-VI compound 
semiconductor layer. The II-VI compound semiconductor 
region contains zinc, selenium and tellurium. The 

25 first II-VI compound semiconductor layer contains zinc 

and selenium. The metal electrode is provided on the 
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superlattice contact semiconductor region. The metal 
electrode is electrically connected to the first II-VI 
compound semiconductor layer. 

[0008] In the semiconductor optical device, the 

5 II-VI compound semiconductor region includes a second 

II-VI compound semiconductor layer containing zinc and 
selenium and a third II-VI compound semiconductor layer 
containing zinc and tellurium. 

[0009] In the semiconductor optical device, the 

10 II-VI compound semiconductor region includes a 

plurality of second II-VI compound semiconductor layers 
and a plurality of third II-VI compound semiconductor 
layers. Each second II-VI compound semiconductor layer 
contains zinc and selenium. Each third II-VI compound 

15 semiconductor layer contains zinc and tellurium. One 

of the second II-VI compound semiconductor layers is 
nearest to the first II-VI compound semiconductor layer. 
One of the third II-VI compound semiconductor layer is 
nearest to the first II-VI compound semiconductor layer. 

20 The nearest third II-VI compound semiconductor layer is 

provided between the first II-VI compound semiconductor 
layer and the nearest second II-VI compound 
semiconductor layers. The thickness of the first II-VI 
compound semiconductor layer is greater than the 

25 nearest second II-VI compound semiconductor layer. 

[0010] In the semiconductor optical device, the 
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II-VT compound semiconductor region includes a 
plurality of second II-VI compound semiconductor layers 
and a plurality of third II-VI compound semiconductor 
layers. Each second II-VI compound semiconductor layer 
5 contains zinc and selenium. Each third II-VI compound 

semiconductor layer contains zinc and tellurium. The 
total thickness of the second II-VI compound 
semiconductor layers is greater than the total 
thickness of the third II-VI compound semiconductor 

10 layers. 

[0011] In the semiconductor optical device, the 

thickness of the metal electrode is egual to or larger 
than 10 nanometers. The thickness of the metal 
electrode is equal to or less than 30 nanometers. 

X5 [0012] In the semiconductor optical device, the 

thickness of the first II-VI compound semiconductor 
layer is equal to or larger than 2 nanometers. 
[0013] The semiconductor optical device further 

comprises an active layer of a II-VI compound 

20 semiconductor provided on a supporting body. The 

supporting body includes a ZnSe substrate. The active 
layer is provided between the ZnSe substrate and the 
superlattice contact semiconductor region. 
[0014] Another aspect according to the present 

25 invention is a method of forming a contact region for a 

II-VI compound semiconductor optical device. The 
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method comprises the steps of: forming a II-VI compound 
semiconductor region on a supporting body, the II-VI 
compound semiconductor region containing zinc, selenium 
and tellurium; forming, on the II-VI compound 
5 semiconductor region, a first II-VI compound 

semiconductor layer containing zinc and selenium; and 
forming a metal electrode on the first II-VI compound 
semiconductor layer. 

[0015] In the method, forming a II-VI compound 

10 semiconductor region on a supporting body includes the 

steps of: forming a second II-VI compound semiconductor 
' layer on the supporting body using a molecular beam 
epitaxy method, the second II-VI compound semiconductor 
layer containing zinc and selenium; and forming a third 

15 II-VI compound semiconductor layer on the second II-VI 

compound semiconductor layer using a molecular beam 
epitaxy method, the second II-VI compound semiconductor 
layer containing zinc and tellurium. The ratio 
(Fvi/Fu) of a VI group element flux to a II group 

20 element flux is equal to or greater than three in the 

step of forming a second II-VI compound semiconductor 
layer on the supporting body. The ratio (F V i/F n ) of a 
VI group element flux to a II group element flux is 
equal to or greater than three in the step of forming a 

25 third II-VI compound semiconductor layer on the second 

II-VI compound semiconductor layer. 
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[0016] In the method, forming a II-VI compound 

semiconductor region on a supporting body includes the 
steps of: forming a second II-VI compound semiconductor 
layer on the supporting body at a first temperature, 
5 the second II-VI compound semiconductor layer 

containing zinc and selenium, and the first temperature 
being equal to or less than 250 degrees Celsius; and 
forming a third II-VI compound semiconductor . layer on 
the second II-VI compound semiconductor layer at a 
10 second temperature, the third II-VI compound 

semiconductor layer containing zinc and tellurium, and 
the second temperature being equal to or less than 250 
degrees Celsius. 

[0017] A still another aspect according to the 

15 present invention is a method of forming a II-VI 

compound semiconductor optical device. The method 
comprises the steps of: forming an active layer on a 
supporting body, said active layer being made of II-VI 
compound semiconductor; after forming an active layer, 
20 forming a II-VI compound semiconductor region on said 

supporting body, said II-VI compound semiconductor 
region containing zinc, selenium and tellurium; forming, 
on said II-VI compound semiconductor region, a first 
II-VI compound semiconductor layer containing zinc and 
25 selenium; and forming a metal electrode on said first 

II-VI compound semiconductor layer. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The above-described object and other 

objects, features, and advantages of the present 
invention will become apparent more easily in the 
5 detailed description of the preferred embodiments of 

the present invention which will be described below 
with reference to the accompanying drawings. 
[0019] Fig. 1 is a partial cross sectional view 

showing an semiconductor light generating device 
10 according to the present invention; 

Fig. 2A is a view showing a contact structure in 
the semiconductor light generating device; 

Fig. 2B is a view showing a semiconductor region 
which generates light; 
15 Fig. 3A is a view showing a quantum well 

structure of the II-VI compound semiconductor region 
including five ZnTe layers; 

Fig. 3B is a view showing a quantum well 
structure of the II-VI compound semiconductor region 
20 including sixteen ZnTe layers 

Fig. 4A is a view showing semiconductor layers in 
the semiconductor light generating device; 

Fig. 4B is a view showing a contact region; 
Fig. 5 is a top view showing a metal electrode in 
25 the semiconductor light generating device; 

Figs. ' 6A and 6B are graphs showing 
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characteristics of II-VI compound semiconductor light 
generating devices; 

Fig. 7 is a view showing nonunif ormity in light 
intensity in a II-VI compound semiconductor light 
5 generating device; 

Figs. 8A to 8C are views showing steps of forming 
a semiconductor light generating device; 

Figs. 9A to 9C are views showing steps of forming 
a semiconductor light generating device; 
10 Figs. 10A and 10B are views showing steps of 

forming a semiconductor light generating device; 

Figs. 11A and 11B are views showing a method of 
forming a contact in a II-VI compound semiconductor 
optical device; 

15 Fig. 12 is a graph showing characteristics of 

light emitting diodes formed by use of a number of flux 

recipes (F n /F V i) ; and 

Fig. 13 is a graph showing characteristics of 

light emitting diodes formed by use of a number of flux 
20 recipes (F n /F V i) . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0020] The teachings of the present invention will 

readily be understood in view of the following detailed 
descriptions with reference to the accompanying 
25 drawings illustrated by way of examples. Referring to 

the accompanying drawings, embodiments of a 
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semiconductor optical device and a method of forming a 
contact in a semiconductor optical device according to 
the present invention will now be explained. When 
possible, parts identical to each other will be 
5 referred to with symbols identical to each other. 

[0021] (First Embodiment) 

Fig. 1 shows a semiconductor light generating 
device according, to the first embodiment. A light 
generating device 1, such as a light emitting device, 
10 includes a contact semiconductor region 3 having a 

superlattice structure, and a metal electrode 5. The 
superlattice contact semiconductor region 3 is made II- 
VI compound semiconductor containing zinc (Zn) , 
selenium (Se) and tellurium (Te) as constituents. The 
15 superlattice contact semiconductor region 3 has a 

quantum well structure. In one example, the 

superlattice contact semiconductor region 3 includes a 
I I -VI compound semiconductor region 7 of a quantum well 
structure and a first II-VI compound semiconductor 
20 layer 9. The first II-VI compound semiconductor layer 

9 is provided between the II-VI compound semiconductor 
region 7 and the metal electrode 5. The metal 
electrode 5 is provided on the II-VI compound 
semiconductor region 7. The metal electrode 5 is 
25 electrically connected to the first II-VI compound 

semiconductor region 9. In a preferred embodiment, the 
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first II-VI compound semiconductor layer 9 may be a 
ZnSe semiconductor layer bonded to the metal electrode 
5. 

[0022] The first II-VI compound semiconductor 

5 layer 9 is provided between the metal electrode 5 and 

the II-VI compound semiconductor region 7 in the 
superlattice contact semiconductor region 3, and the 
first II-VI compound semiconductor layer 9 can prevent 
atoms in the metal electrode 5 from reacting with atoms 
10 in the first II-VI compound semiconductor layer 7. 

Thus, the first II-VI semiconductor compound layer 9 
can improve the uniformity in electrical contact 
between the first II-VI compound semiconductor layer 9 
- and the metal electrode 5. Accordingly, the 

15 semiconductor light generating device has a contact 

structure reducing nonunif ormity of current 
distribution. 

[0023] Fig. 2A is a view showing semiconductor 

layers in the light generating device. In the light 
20 generating device 1, the II-VI compound semiconductor 

region 7 includes a second layer 11 of II-IV compound 
semiconductor containing zinc .(Zn) and tellurium (Te) 
and a third layer 13 of II-IV compound semiconductor 
containing zinc (Zn) and selenium (Se) . The third 
25 layer 13 of II-IV compound semiconductor is provided 

between the first layer 9 of II-IV compound 
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semiconductor and the second layer 11 of II-IV compound 
semiconductor. In a preferred embodiment, the second 
compound I I -VI compound semiconductor layer 11 may be 
made of p-type ZnSe semiconductor layer and the third 
5 II-VI compound semiconductor layer 13 may be made of p- 

type ZnTe semiconductor layer. 

[0024] The first layer 9 of II-IV compound 

semiconductor layer prevents atoms in the metal layer 5 
and the third compound semiconductor layer 13 to react 

10 with each other. 

[0025] Referring to Figs. 1 and 2B, the 

semiconductor light generating device 1 has a device 
semiconductor region 15. The device semiconductor 
region 15 includes a fourth layer 17 of II-VI compound 

15 semiconductor, an active layer 19 of II-VI compound 

semiconductor, and a fifth layer 21 of II-VI compound 
semiconductor . The superlattice contact semiconductor 
region 3 is provided on the device semiconductor region 
15. As shown in Fig. 2B, these layers 17, 19 and 21 

20 are arranged in the device semiconductor region 15 as 

follows : the I I -VI compound semiconductor active layer 
19 is provided on the fourth II-VI compound 
semiconductor layer 17; the fifth II-VI compound 
semiconductor layer 21 is provided on the II-VI 

25 compound semiconductor active layer 19; and the sixth 

II-VI compound semiconductor layer 29 is provided on 



11 



FP03-0355-00 



the fifth II-VI compound semiconductor layer 21. In a 
preferred embodiment, a heavily-doped II-VI compound 
semiconductor layer 30 is provided between the sixth 
II-VI compound semiconductor layer 2 9 and the 
5 superlattice contact semiconductor region 3. 

[0026] The active layer 19 is provided between the 

fourth II-VI compound semiconductor compound layer 17 
of and the fifth II-VI compound semiconductor layer. 
The fourth II-VI compound semiconductor layer 17 and 
10 the fifth II-VI compound semiconductor layer 21 act to 

confine carriers in the active layer 19. In a 
preferred embodiment, the active layer 19 is made of n- 
type ZnCdSe compound semiconductor, and the third II-VI 
compound semiconductor layer 21 is made of p-type 
15 ZnMgSSe compound semiconductor. 

[0027] In one example, the active layer 19 has a 

first guide layer 23, a quantum structure layer 25 and 
a second guide layer 27. The quantum structure layer 
25 is provided between the first guide layer 23 and the 
20 second guide layer 27. In a preferred embodiment, the 

first and second guide layers 23 and 27 are made of i- 
type ZnSe compound semiconductor. The quantum 

structure layer 25 has a SQW structure or a MQW 
structure, for example. 
25 [0028] The quantum structure layer 25 may include 

a plurality of quantum well layers 25a and one or more 
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barrier layers 25b. Each of the barrier layers 25b is 
provided between the quantum well layers 25a. In a 
preferred embodiment, the quantum layers 25a are made 
of i-type ZnCdSe compound semiconductor and the barrier 
5 layers 2 5b are made of i-type ZnSe compound 

semiconductor . 

[0029] Referring to Fig. 1 again, the 

semiconductor light generating device 1 includes a 
supporting body 31. The device semiconductor region 15 

10 is provided on one surface 31a of the supporting body 

31. In a preferred embodiment, the supporting body 31 
may have a ZeSe semiconductor substrate 33 and a ZnSe 
buffer layer provided on the supporting body 31. If 
required, an electrode 37 may be provided on the other 

15 surface 31b of the supporting body 31. In a preferred 

embodiment, the electrode 5 works as an anode and the 
electrode 37 works as a cathode. If a ZnSe 

semiconductor substrate is used as the supporting body 
31, the ZnSe substrate can be optically activated by 

20 light incident from the active layer. The activated 

ZnSe substrate can emit light of a wavelength component 
different from that of the incident light. 
[0030] A preferred example is as follows: 

substrate 33: 

25 n-type ZnSe semiconductor substrate having a (100) 

surface; 
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buffer layer 35: 

n -type ZnSe semiconductor layer of 0.9 micrometer 

thickness; 

II-VI compound semiconductor layer 17: 
5 n-type ZnMgSSe semiconductor layer of 0.5 

micrometer thickness; 
first guide layer 23: 

i-type ZnSe semiconductor layer of 0.03 micrometer 

thickness; 
10 quantum structure layer 25: 

ZnCdSe/ZnSe multiple quantum well; 

second guide layer 27: 

i-type ZnSe semiconductor layer of 0.03 micrometer 

thickness ; 

15 II-VI compound semiconductor layer 21: 

p-type ZnMgSSe semiconductor layer of 0.5 
micrometer thickness; 

II-VI compound semiconductor layer 29: 

p -type ZnSe semiconductor layer of 0.15 micrometer 

20 thickness; 

II-VI compound semiconductor layer 30: 

P+-type ZnSe semiconductor layer of 200 nanometer 

thickness; 

quantum well II-VI compound semiconductor region 7: 
25 ZnSe/ZnTe quantum well structure of 40 nanometer 

thickness; 
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p-type layer 9 of a first I I -VI compound semiconductor: 
ZeSe semiconductor layer of 3 nanometer thickness; 
metal electrode 5: Au layer; and 
metal electrode 37: indium layer. 
5 [0031] In this example, the buffer layer is homo- 

epitaxitially grown on the ZnSe semiconductor substrate 
and a semiconductor layer (s) formed on the ZnSe 
semiconductor substrate is lattice-matched to ZnSe 
semiconductor. The crystal quality of a II-VI compound 
L0 semiconductor layer grown on the ZnSe semiconductor 

substrate is superior to that of a substrate different 
from the ZnSe semiconductor substrate. 

[0032] Figs. 3A and 3B are views each showing the 

structure of the superlattice contact semiconductor 
15 region. Referring to 3A, a superlattice contact 

semiconductor region 3a is shown. The superlattice 
contact region 3a includes a II-VI compound 
semiconductor region 7a and the first II-VI compound 
semiconductor layer 9. The II-VI compound 

20 semiconductor region 7a includes the well layers 39a, 

39b, 39c, 39d and 39e and the barrier layers 41a, 41b, 
41c and 41d arranged to form the quantum well structure. 
In a preferred embodiment, the well layers 39a to 39e 
may be made of ZnTe semiconductor and the barrier 

25 layers 41a to 41d are made of ZnTe semiconductor. 

[0033] For example, a II-VI compound semiconductor 
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region of a quantum structure includes five ZnTe 
semiconductor layers, which are shown below: 
first II-VI compound semiconductor layer 9: 3 
nanometers ; 

5 ZnTe semiconductor layer 39a: 0.6 nanometers, doped 

with nitrogen (N) ; 

ZnSe semiconductor layer 41a: 1.8 nanometers, doped 
with nitrogen (N) ; 

ZnTe semiconductor layer 39b: 0.5 nanometers, doped 
10 with nitrogen (N) ; 

ZnSe semiconductor layer 41b: 1.8 nanometers, doped 
with nitrogen (N) ; 

ZnTe semiconductor layer 39c: 0.37 nanometers, doped 
with nitrogen (N) ; 
15 ZnSe semiconductor layer 41c: 1.8 nanometers, doped 

with nitrogen (N) ; 

ZnTe semiconductor layer 39d: 0.25 nanometers, doped 
with nitrogen (N) ; 

ZnSe semiconductor layer 41d: 1.8 nanometers, doped 
20 with nitrogen (N) ; and 

ZnTe semiconductor layer 39e: 0.12 nanometers, doped 
with nitrogen (N) . 

[0034] Referring to Fig. 3B, another superlattice 

contact region 3b is shown. The superlattice contact 
25 region 3b includes a II-VI compound semiconductor 

region 7b and the first II-VI compound semiconductor 
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layer 9. The II-VI compound semiconductor region 7b 
has well layers 43a, 43b, 43c, 43d, 43e and 43f and 
barrier layers 45a, 45b, 45c, 45d and 45e arranged to 
form the quantum well structure. In a preferred 
5 embodiment, the well layers 43a to 49f are made of ZnTe 

semiconductor and the barrier layers 45a to 45e are 
made of ZnSe semiconductor . 

[0035] For example, a II-VI compound semiconductor 

region is a quantum structure includes 16 ZnTe 
10 semiconductor layers. Some layers in the quantum 

structure of are shown below: 

first II-VI compound semiconductor layer 9: 3 
nanometers ; 

ZnTe semiconductor layer 43a: 2.0 nanometers, doped 
15 with nitrogen (N) ; 

ZnSe semiconductor layer 45a: 0.113 nanometers, doped 
with nitrogen (N) ; 

ZnTe semiconductor layer 43b: 1.85 nanometers, doped 
with nitrogen (N) ; 
20 ZnSe semiconductor layer 45b: 0.225 nanometers, doped 

with nitrogen (N) ; 

ZnTe semiconductor layer 43c: 1.72 nanometers, doped 
with nitrogen (N) ; 

ZnSe semiconductor layer 45c: 0.338 nanometers, doped 
25 with nitrogen (N) ; 

ZnTe semiconductor layer 43d: 0.37 nanometers, doped 
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with nitrogen (N) ; 

ZnSe semiconductor layer 45d: 1.575 nanometers, doped 
with nitrogen (N) ; 

ZnTe semiconductor layer 43e: 0.25 nanometers, doped 
5 with nitrogen (N) ; 

ZnSe semiconductor layer 45e: 1.68 nanometers, doped 
with nitrogen (N) ; and 

ZnTe semiconductor layer 43f: 0.12 nanometers, doped 

with nitrogen (N) . 
10 [0036] In the superlattice contact semiconductor 

region 3, the number of the ZnSe semiconductor layers 

is, for example, four or more, and the number of the 

ZnTe semiconductor layers is, for example, five or more. 

This arrangement in the superlattice contact 
15 semiconductor region 3 can decrease the contact 

resistance thereof . 

[0037] In the superlattice contact semiconductor 

regions 3a and 3b of the above examples, the ZnTe 
layers 39a to 39e and the ZnSe layers 41a to 41d are 

20 arranged alternately along an axis extending from the 

supporting body 31 to the metal electrode 5. Between 
one ZnTe layer (in the present example, ZnTe layer 39e) 
of the ZnTe layers 39a to 39e and another ZnTe 
semiconductor layer thereof (in the present example, 

25 ZnTe layer 39d) nearest thereto, the corresponding ZnSe 

layer of the ZnSe layers 41a to 41d (in the present 
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10 



example, ZnSe layer 41d) is located. The former ZnTe 
semiconductor layer and the corresponding ZnSe 
semiconductor layer (in the present example, ZnTe layer 
39e and ZnSe layer 41d) are combined with each other to 
provide a semiconductor region. In the similar manner, 
one of the remaining ZnTe layers 39a to 39d is combined 
with one of the remaining ZnSe layers 41a to 41c to 
provide another semiconductor region. Finally, each 
ZnSe layer is combined with the corresponding ZnTe 
layer to provide a semiconductor region. The average 
molar fraction of ZeTe for each semiconductor region is 
defined as the ratio of the ZnTe fraction to the sum of 
the ZeSe fraction and the ZeTe fraction in that 
semiconductor region: [ ZnTe ]/([ ZeSe ]+[ ZnTe] ) . The 
15 average molar fractions defined as above increase along 

a axis extending from the supporting body 31 to the 
metal electrode 5. The maximum of the above average 
molar fractions is grater than an average molar 
fraction in the last semiconductor region constituted 
20 by the ZnSe semiconductor layer bonded to the metal 

electrode and the ZnSe layer that is nearest thereto, 
and the average molar fraction is defined as the ratio 
of ZnTe fraction to the sum of ZeSe fraction and ZnTe 
fraction in the relevant semiconductor region. 
25 [0038] In a preferred embodiment, as shown in Figs. 

3A and 3B, the thickness of each of the second II-VI 
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compound semiconductor layers 41a to 41d (45a to 45d) 
is equal to or smaller than that of the first 
semiconductor layer 9. 

[0039] The first II-VI compound semiconductor 

5 layer 9 prevents atoms in the metal electrode 5 from 

reacting with atoms in the third II-VI compound 
semiconductor layer 39a (containing zinc and tellurium) . 
In addition to this advantage, if each of the second 
II-VI compound semiconductor layers 41a to 41d is 
10 thinner than the first II-VI compound semiconductor 

layer, these layers 41a to 41d do not increase 
resistance in the quantum well contact semiconductor 
region. 

[0040] In a preferred embodiment of the 

15 semiconductor light generating device 1, the total 

thickness of the third II-VI compound semiconductor 
layers 39a to 39e is smaller than that of the third II- 
VI compound semiconductor layers 41a to 41e, and thus 
the superlattice contact semiconductor region 3 can 
20 transmit almost all light from the active layer. 

[0041] In a preferred embodiment, the thickness of 

the metal electrode 5 is equal to or more than 10 
nanometers. Further, the thickness of the metal 
electrode 5 is equal to or less than 30 nanometers. 
25 This metal electrode of a thickness in this range 

permits light from the. active layer to transmit the 
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metal electrode 5. 

[0042] Preferably, the thickness of the first II- 

VI compound semiconductor layer 9 is equal to or more 
than two nanometers. The first II-VI compound 

5 semiconductor layer 9 of a thickness in the above range 

can prevent atoms in the metal electrode 5 from 
reacting with those in the ZnTe semiconductor layer 39a, 
Further, the thickness of the first II-VI compound 
semiconductor layer 9 is equal to or less than 20 
10 nanometers. If the semiconductor light generating 

device has the first II-VI compound semiconductor layer 
9 of a thickness in the range, the resistance increment 
from the layer 9 is not great. 

[0043] As shown in Fig. 4A, the semiconductor 

15 light generating device 1 according to the present 

embodiment includes the active layer of II-VI compound 
semiconductor provided on the supporting body 31. In a 
preferred example, the supporting body includes a 
substrate, such as ZnSe substrate. The active layer 19 
20 is provided between the ZnSe substrate and the 

semiconductor region 3. 

[0044] Fig. 5 is a top view showing a 

semiconductor light generating device. The metal 
electrode 5 is provided on the superlattice contact 
25 semiconductor region 3. If the semiconductor light 

generating device is a surface light emitting diode, 
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then light generated by the semiconductor light 
generating device 1 emits through the metal electrode 5 
that covers light emitting surface of the semiconductor 
light generating device 1. 
5 [0045] The semiconductor layers of the 

superlattice contact semiconductor region 3 are not 
periodically arranged, and thus light associated with 
the semiconductor light generating device 1 passes 
through the superlattice contact semiconductor region 3 

10 without interference therein. 

[0046] In a preferred embodiment of the 

semiconductor light generating device 1 as shown in Fig. 
4B, the semiconductor layer 39a, nearest to the first 
II-VI compound semiconductor layer 9, of the third II- 

15 VI compound semiconductor layers 39a to 39e (each 

containing zinc and tellurium) is provided between the 
first II-VI compound semiconductor layer 9 and the 
semiconductor layer 41a, nearest to the first II-VI 
compound semiconductor layer 9, of the second II-VI 

20 compound semiconductor layers 41a to 41d (each 

containing zinc and selenium) . The thickness Dl of the 
first II-VI compound semiconductor layer 9 is larger 
than the thickness D2 of the second II-VI compound 
semiconductor layer 41a. The average molar ratio in a 

25 semiconductor region constituted by the semiconductor 

layers 9 and 41a is defined as above and is greater 
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than that of another semiconductor region constituted 
by the semiconductor layers 39a and 41a. Accordingly, 
the first II-VI compound semiconductor layer 9 can 
prevent atoms in the metal layer 5 from reacting with 
5 those in the first II-VI compound semiconductor layer 

39a (containing zinc and tellurium as constituent 
elements) . Further, if the ZnTe layers 41a to 41d are 
thinner than the first II-VI compound semiconductor 
layer 9, the resistance increase in the superlattice 

10 contact semiconductor region 3 is not great as a whole, 

[0047] As described above, the semiconductor light 

generating device according to the present embodiment 
has the contact region that can reduce nonunif ormity in 
the distribution of current flowing therethrough. 

15 [0048] Figs. 6A and 6B are graphs showing 

characteristics of II-VI compound semiconductor light 
emitting diode. In these graphs, the abscissa axis 
indicates the elapsed time, the left ordinate axis 
indicates the relative optical output power and the 

20 right ordinate axis indicates the forward biasing 

voltage. The relative optical output power is defined 
as a ratio (P/P0) of optical output power "P" at an 
elapsed time to the initial optical output power "P0". 
Current of 20 milliamperes (mA) is fed to light 

25 emitting diodes at 40 degrees Celsius in these 

experiments . 
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[0049] Experimental results of a II-VI compound 

semiconductor light generating device without the first 
II-VI compound semiconductor layer 9 (hereinafter 
referred to as "light emitting diode A") is shown in 

5 Fig. 6A. Experimental results of a II-VI compound 

semiconductor light generating device with the first 
II-VI compound semiconductor layer 9 (hereinafter 
referred to as light emitting diode B) is shown in Fig. 
6B. The comparison of these experimental results 

.0 reveals that the first II-VI compound semiconductor 

layer is effective in providing light emitting diodes 
with a long lifetime. 

[0050] The light emitting diode B emits light 

uniformly even after current of 20 milliamperes has 

L5 been fed thereto at 40 degrees Celsius for 100 hours. 

On the other side, the light emitting diode A does not 
uniformly emit light as shown in Fig. 7 after current 
of 20 milliamperes has been fed thereto at 40 degrees 
Celsius for 100 hours. Micro XPS is used in order to 

20 study the difference between a uniformly emitting area 

and a nonuniformly emitting area in the light emitting 
diode A. 

[0051] The micro XPS results are shown as follows, 

uniformly emitting area nonuniformly emitting 

25 area 

Carbon (C) 51.1 57.9 
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Oxygen (O) 24.6 19 • 5 

Gold (Au) 6.4 12.2 

Zinc (Zn) 5.3 3 - 8 

Tellurium (Te) 12.3 6 - 6 

5 [0052] The above results show that the quantity of 

gold and the quantity of tellurium differ between the 
uniformly emitting area and the nonuniformly emitting 
area. The quantity of tellurium in the nonuniformly 
emitting area is approximate twice as much as that in 
10 the uniformly emitting area. This result shows that 

tellurium atoms diffuse into the metal electrode. The 
quantity of gold in the nonuniformly emitting area is 
approximate half as much as that in the uniformly 
emitting area. This result shows that gold atoms 
15 diffuse into the contact semiconductor region. The 

first II-VI compound semiconductor layer 9 is effective 
in avoiding the diffusion of gold and tellurium. 
[0053] As described above, according to the 

present embodiment, the semiconductor light generating 
20 device having the contact region can reduce 

nonuniformity of distribution in current flowing 
therethrough . 

[0054] (Second Embodiment) 

Next, a method of manufacturing a II-VI compound 
25 semiconductor light generating device is explained. A 

substrate is prepared as shown in Fig. 8A. In the 
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subsequent explanation, a method of manufacturing a II- 
VI compound semiconductor light generating device, such 
as a light emitting diode, by use of a ZnSe substrate 
will be described. 
5 [0055] In one example of the method, a molecular 

beam epitaxy (MBE) apparatus is used as an epitaxial 
growth apparatus. An MBE apparatus has Knusen cells 
for zinc (Zn) source, magnesium (Mg) source, cadmium 
(Cd) source, tellurium (Te) source and zinc chloride 
10 (ZnCl 2 ) source, and valve cells for sulfur (S) source 

and selenium (Se) source in the chamber. 

[0056] A ZnSe substrate 51 is placed in the MBE 

apparatus 53. The temperature of the ZnSe substrate 51 
is increased for cleaning the ZnSe substrate 51. The 

15 cleaning temperature is, for example, 390 degrees 

Celsius. A cleaning gas, such as hydrogen gas (H 2 ) , is 
supplied to the chamber to generate the plasma 55 
thereof for a predetermined time, for example, 30 
minutes. After a pyrometer indicates that the 

20 substrate temperature is kept at a predetermined 

temperature, the H shutter for the hydrogen gas and the 
main shutter in the MBE apparatus 53 are opened to 
start a cleaning step by use of hydrogen radicals 55. 
An example of the cleaning condition is: 

25 Flow of H 2 gas: 1.0 seem 

Power of RF gun: 450 watts. 
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[0057] If a RHEED display shows a clear c(2x2) 

pattern, the H shutter and the main shutter are closed 
and the RF gun is turned off. After the cleaning has 
been finished, the temperature of the ZnSe substrate is 
5 lowered to 325 degrees Celsius. 

[0058] As shown in Fig. 8B, a buffer layer is 

formed on the ZnSe substrate 51. The cells (for Zn 
source, Se source and ZnCl 2 source) in the MBE 
apparatus 53 are opened to supply the Zn flux 59a, Se 
10 flux 59b and ZnCl 2 flux 59c to the ZnSe substrate 51 

and the buffer layer 57 of n-type ZnSe semiconductor is 
grown epitaxially on the ZnSe substrate 51. The 
thickness of the buffer layer 57 is 60 nanometers, for 
example . 

15 [0059] As shown in Fig. 8C, a cladding layer 63 is 

formed on the buffer layer 57. The cells (for Zn 
source, Mg source, S source, Se source and ZnCl 2 
source) in the MBE apparatus 53 are opened to supply 
the Zn flux 61a, Mg flux 61b, S flux 61c, Se flux 61d 

20 and ZnCl 2 flux 61e onto the ZnSe substrate 51, and the 

cladding layer 63 of n-type ZnMgSSe semiconductor is 
grown epitaxially on the ZnSe layer 57. The thickness 
of the cladding layer 63 is 500 nanometers, for example. 
[0060] As shown in Fig. 9A, an active layer is 

25 formed on the cladding layer 63. In this example, the 

active layer includes a guiding layer 67, a quantum 
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structure layer 65 and a guide layer 73. The quantum 
structure layer 65 has a plurality of quantum well 
layers 69a, 69b, 69c and one or more barrier layers 71a 
and 71b. 

5 [0061] The cells (for Zn source and Se source) are 

opened to supply Zn flux and Se flux onto the ZnSe 
substrate 51 and the guide layer 67 of i-type ZnSe 
semiconductor is epitaxially grown on the n-type 
ZnMgSSe layer 61. The thickness of the guide layer 67 

10 is 40 nanometers, for example. 

[0062] The cells (for Zn source, Cd source and Se 

source) are opened to supply Zn flux, Cd flux and Se 
flux onto the ZnSe substrate 51 and the well layer 69a 
of i-type ZnCdSe semiconductor is epitaxially grown on 

15 the guide layer 67. The thickness of the well layer 

69a is three nanometers, for example. 

[0063] Next, the cells (for Zn source and Se 

source) are opened to supply Zn flux and Se flux onto 
the ZnSe substrate 51 and the barrier layer 71a of i- 
20 type ZnSe semiconductor is epitaxially grown on the 

well layer 69a. The thickness of the barrier layer 71a 
is 10 nanometers, for example. 

[0064] Further, the cells (for Zn source, Cd 

source and Se source) are opened to supply Zn flux, Cd 
25 flux and Se flux onto the ZnSe substrate 51, and the 

well layer 69b of i-type ZnCdSe semiconductor is 
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epitaxially grown on the barrier layer 71a. The 
thickness of the well layer 69b is three nanometers, 
for example. 

[0065] Thereafter, the growth of the well and 

5 barrier layers may be repeated predetermined times. 

Subsequently, the barrier layer 71b and the well layer 
69c are formed in the present example. 

[0066] After the last quantum well has been formed, 

the cells (Zn source, Se source) is opened to supply Zn 

10 flux and Se flux onto the ZnSe substrate 51. A guide 

layer 73 of i-type ZnSe semiconductor is epitaxially 
grown on the well layer 69c. The thickness of the 
guide layer 73 is 40 nanometers, for example. 
[0067] As shown in Fig. 9B, a cladding layer 77 is 

15 formed on the guide layer 73. In order to dope the 

cladding layer 77 with p-type dopant, nitrogen gas is 
supplied to the chamber and the plasma of the nitrogen 
gas is generated. The cells (Zn source, Mg source, S 
source, Se source) are opened to supply Zn flux 75a, Mg 

20 flux 75b, S flux 75c, and Se flux 75d onto the ZnSe 

substrate 51. The cladding layer 77 of p-type ZnSe 
semiconductor is formed on the guide layer 73. The 
thickness of the cladding layer 77 is 50 nanometers, 
for example. 

25 [0068] After the cladding layer has been formed, 

all the shutters of the cells are closed. Then, the 
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growth temperature is set at 250 degrees Celsius. 
[0069] As shown in Fig. 9C, a p + -type ZnSe layer 

79 is formed on the cladding layer 77. In order to 
dope the cladding layer 79 with p-type dopant, nitrogen 
5 gas is introduced into the chamber and the plasma of 

the nitrogen gas is generated. The cells ( Zn source, 
Se source) are opened to supply Zn flux 81a and Mg flux 
81b onto the ZnSe substrate 51. The p + -type ZnSe layer 
79 is formed on the p-type cladding layer 77. The 
10 thickness of the p + -type ZnSe layer 79 is 200 

nanometers, for example. In a preferred example, the 
substrate temperature is 250 degrees Celsius .and the RF 
power is 8 5 watts, for example. 

[0070] Subsequently, a method of forming a 

15 superlattice contact region 83 for the II-VI compound 

semiconductor light generating device will be explained. 
As shown in Fig. 10A, according to this method, a 
region 85 of II-VI compound semiconductor containing 
zinc, selenium and tellurium is formed on the device 
20 semiconductor region that has been formed in the above 

step. The II-VI compound semiconductor region 85 has a 
quantum well structure. A layer 87 of a first II-VI 
compound semiconductor containing zinc and selenium is 
formed on the II-VI compound semiconductor region 85. 
25 As shown in Fig. 10B, a metal electrode 89, such as 

gold electrode, is formed on the first II-VI compound 



30 



FP03-0355-00 

semiconductor layer 87 in this manufacturing method. 
[0071] Since the first II-VI compound 

semiconductor layer 87 is formed prior to forming the 
metal electrode 89, the first II-VI compound 
5 semiconductor layer 87 is provided between the metal 

layer 89 and the II-VI compound semiconductor region 85 
in the quantum well structure contact region 83. 
Accordingly, atoms in the metal electrode 89 made of, 
for example, gold do not react with atoms in the II-VI 

10 compound semiconductor region 85 in the method. 

[0072] A step of forming the II-VI compound 

semiconductor region 85 will be described in detail. 
As shown in Fig. 11A, a layer 91 of a second II-VI 
compound semiconductor containing zinc and selenium is 

15 formed. The shutter for the Zn source, the Te source 

and the N source are opened to supply Zn flux 93a, Te 
flux 93b and N flux 93c onto the ZnSe substrate, and a 
second II-VI compound semiconductor layer 91 is 
epitaxially grown on the p + -type ZnSe layer 79. In a 

20 preferred embodiment, the second II-VI compound 

semiconductor layer 91 may be a ZnTe layer doped with 
nitrogen. In one example, the substrate temperature is 
equal to or lower than 250 degrees Celsius and the RF 
power is about 100 watts. The shutters are opened for 

25 one second and the thickness of the second II-VI 

compound semiconductor layer 91 formed is 0.12 
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nanometers, for example. 

[0073] Next, the shutter for the Te source is 

closed and the shutter for the Se source is opened. As 
shown in Fig. 11B, a third layer of a II-VI compound 
5 semiconductor containing zinc and selenium is formed. 

Zn flux 97a and Se flux are supplied onto the ZnSe 
substrate, and the third II-VI compound semiconductor 
layer 95 is epitaxially grown on the second II-VI 
compound semiconductor layer 91. In one example, the 

10 above cells are opened for 16 seconds. The thickness 

of the third II-VI compound semiconductor layer 95 
formed is, for example, 1.8 nanometers. The substrate 
temperature is equal to or lower than 250 degrees 
Celsius and the RF power is 85 watts, for example. In 

15 a preferred example, the third II-VI compound 

semiconductor layer 95 may be an undoped ZnSe layer. 
[0074] The RF power is changed to a power greater 

than 100 watts, such as 400 watts, and then the 
remaining semiconductor layers are sequentially formed 

20 as follows: The shutter for the Zn source, the Te 

source and the N source are opened for about three 
seconds; The shutters for the Zn source, the Se source, 
the N source are opened for about 16 seconds; The 
shutters for the Zn source, the Te source and the N 

25 source are opened for about four seconds; The shutters 

for the Zn source, the Se source, the N source are 
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opened for about 16 seconds; The shutters for the Zn 
source, the Te source and the N source are opened for 
about five seconds. 

[0075] After the above step, a II-VI compound 

5 semiconductor region 85 shown in Fig. 10A is formed on 

the ZnSe substrate 51. Then, the shutter for the Zn 
source and the Se source are opened for about 2 6 
seconds to form a first II-VI compound semiconductor 
layer 87 on the II-VI compound semiconductor region 85. 

10 In a preferred example, the growth temperature may be 

equal to or greater than 235 degrees Celsius. In the 
growth in this temperature range, the deterioration of 
crystal quality does not occur. The growth temperature 
may be equal to or less than 250 degrees Celsius. The 

15 growth in this temperature range avoids diffusing the 

dopant . 

[0076] The semiconductor light generating device, 

such as light emitting diode, has been formed according 
to this method. Since the first II-VI compound 

20 semiconductor layer 87 is formed prior to forming the 

metal electrode 89, the first II-VI compound 
semiconductor layer 87 is provided between the metal 
electrode 87 and the II-VI compound semiconductor 
region 85 in the quantum well contact semiconductor 

25 region 83, thereby preventing atoms in the metal 

electrode 89 and the II-VI compound semiconductor 
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region 89 to react with each other. As described in 
this embodiment, a method of manufacturing a 
semiconductor light generating device provides a 
contact region which can reduce the nonunif ormity in 
5 the distribution of current flowing therethrough. 

[0077] Light emitting diodes are formed using the 

following recipes of flux ratios for the contact 
region: Fi V /Fn = 2.5, 3.0, 3.5, 4.0 and 4.5, and are 
evaluated. 

10 [0078] Initial voltages across the light emitting 

diodes that are formed in the flux ratios Fi V /F n = 3.0, 
3.5 and 4.0 are greater than those in the other flux 
ratios. Fig. 12 shows the characteristics of light 
emitting diodes made in a number of flux ratios. With 

15 reference to Fig. 12, curves CI, C2 and C3 indicate the 

contact characteristics of light emitting diodes, the 
semiconductor layers 87 of which are formed in the flux 
ratios F IV /Fn = 2.5, 3.5 and 4.5, respectively. In the 
light emitting diodes formed in flux ratios greater 

20 than Fiv/Fn = 2.5, the initial contact voltage is 

lowered, and the preferred flux ratios are equal to or 
greater than F 1V /F X1 = 3.0. In the light emitting 
diodes formed in flux ratios greater than F 1V /F T1 = 4.5, 
the initial contact voltage is lowered, and the 

25 preferred flux ratios are equal to or less than F 1V /F 1T 

= 4.0. 
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[0079] Fig. 13 is a graph showing characteristics 

of light emitting diodes made by use of the flux ratios 
(Fiv/Fii) for the ZnSe layer 87. Experimental 
conditions A to E correspond to flux ratios 2.5, 3.0, 
5 3.5, 4.0 and 4.5, respectively. The abscissa axis 

indicates the elapsed time of the period from the 
beginning to the time at which a voltage across the 
relevant light emitting diode exceeds five volts under 
500 milliamperes per square centimeter (mA/cm 2 ) . 
10 Elapsed times for light emitting diodes made by use of 

the flux ratios 3.0, 3.5 and 4.0 are greater than those 
in the other flux ratios. A light emitting diode made 
by use of a flux ratio greater than 2.5 exhibits a long 
elapsed time, and thus flux ratios greater than 3 are 
15 preferable. A light emitting diode made by use of a 

flux ratio equal to or less than 4.5 exhibits a long 
elapsed time, and thus flux ratios not greater than 4 
are preferable. A light emitting diode made by use of 
a flux ratio in the above range exhibits a good contact 
20 characteristic. 

[0080] In flux ratio 2.. 5, c(2X2) RHEED pattern 

appears. In flux ratio 3.0, the intensity of c(2X2) 
RHEED pattern is larger than that of 2X1 RHEED pattern. 
In flux ratio 3.5, both of these patterns appear, and 
25 the intensity of c(2X2) RHEED pattern is approximately 

equal to that of 2X1 RHEED pattern. In flux ratio 4.0, 
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the intensity of 2X1 RHEED pattern is larger than that 
of c(2X2) RHEED pattern. In flux ratio 4.5, 2X1 RHEED 
pattern appears. In a preferred condition for forming 
the film, both of 2X1 RHEED pattern and c(2X2) RHEED 
5 pattern appear. 

[0081 ] As described above, according to the 

present embodiment, the semiconductor light generating 
device has the contact region that can reduce 
nonunif ormity in the distribution of current flowing 

10 therethrough. 

[0082] Having described and illustrated the 

principle of the invention in a preferred embodiment 
thereof, it is appreciated by those having skill in the 
art that the invention can be modified in arrangement 

15 and detail without departing from such principles. The 

present invention is not limited to the specific 
embodiments in the specification. Details of 

structures of these devices can be modified as 
necessary. We therefore claim all modifications and 

20 variations coming within the spirit and scope of the 

following claims. 
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